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(57)Abstract 

PROBLEM TO BE SOLVED: To produce a medium/high carbon steel sheet excellent in stretch- flange formability in the process 
passed through cold rolling. 

SOLUTION: A hot rolled steel plate, which is composed of a steel containing 0.1 to 0.8 mass % C and has a metallic structure 
composed essentially of ferrite+pearlite structure and in which, if necessary, the pro-eutectoid ferrite area ratio (%) is regulated to a 
value not lower than the value of F represented by equation F=0.4 x(1-mass %C/0.8)x 100 and also [pearlite lamellar spacing] is 
regulated to >0.1 u.m, is cold rolled at >15%. The resultant steel sheet is subjected to three-stage annealing which consists of a first- 
stage heating consisting of holding in the temperature range between Ac1-50° C and <Ac1 for >0.5 hr, a second-stage heating 
consisting of holding in the temperature range between Acl and Ac1+100° C for 0.5 to 20 hr, cooling at a rate of (5 to 30)° C/h, and 
a third-stage heating consisting of holding in the temperature range between Ar1-80° C and Ar1 for 2 to 60 hr. 
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* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original precisely. 

2. **** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] It consists of steel containing C:0.1 - 0.8 mass %, and a metal texture performs 15% or more of cold rolling to the hot rolled 
sheet steel which is a ferrite + pearlite organization substantially. Subsequently After performing the 1st step of heating held in a - 
"with an Ac of one to 50 degree C less than one Ac temperature requirement for 0.5 hours or more. The 2nd step of heating held for 0.5 
to 20 hours and the 3rd step of heating held in the temperature requirement of Ar1-80 degree-C-Ar1 for 2 to 60 hours are performed 
continuously in the temperature requirement of Ac1-1+100 degree C of Ac(s). And the manufacturing method of - high-carbon-steel 
plate while excelling in the elongation flange nature which gives three-stage annealing which carries out the cooling rate from retention 
temperature to the 2nd step of retention temperature [ the 3rd step of ] in 5-30 degrees C/h. 

[Claim 2] Consist of steel containing C:0.1 - 0.8 mass % t and a ferrite + pearlite organization is presented substantially. 15% or more of 
cold rolling is performed to the hot rolled sheet steel of the metal texture which is beyond the F value in which the rate of proeutectoid 
ferrite area (%) becomes settled by following the (1) type. Subsequently After performing the 1st step of heating held in a - with an Ac 
of one to 50 degree C less than one Ac temperature requirement for 0.5 hours or more, The 2nd step of heating held for 0.5 to 20 
hours and the 3rd step of heating held in the temperature requirement of Ar1-80 degree-C-Ar1 for 2 to 60 hours are performed 
continuously in the temperature requirement of Ac1-1+100 degree C of Ac(s). And the manufacturing method of - high-carbon-steel 
plate while excelling in the elongation flange nature which gives three-stage annealing which carries out the cooling rate from retention 
temperature to the 2nd step of retention temperature [ the 3rd step of] in 5-30 degrees C/h. 
F=0.4x(1-mass %C/0.8) xlOO .. (1) 

[Claim 3] Consist of steel containing C:0.1 - 0.8 mass %, and a ferrite + pearlite organization is presented substantially. 15% or more of 
cold rolling is performed to the hot rolled sheet steel of the metal texture whose [pearlite lamellae spacing] defined below is 0.1 
micrometers or more. Subsequently After performing the 1st step of heating held in a - with an Ac of one to 50 degree C less than one 
Ac temperature requirement for 0.5 hours or more. The 2nd step of heating held for 0.5 to 20 hours and the 3rd step of heating held in 
the temperature requirement of Ar1-80 degree-C-Ar1 for 2 to 60 hours are performed continuously in the temperature requirement of 
Ac1-1+100 degree C of Ac(s). And the manufacturing method of - high-carbon-steel plate while excelling in the elongation flange 
nature which gives three-stage annealing which carries out the cooling rate from retention temperature to the 2nd step of retention 
temperature [ the 3rd step of ] in 5-30 degrees C/h. 

[Pearlite lamellae spacing] : In metal texture observation of a hot-rolled-sheet-steel L-cross section The part of the pearlite to which 
the lamellae of a cementite is the densest within the observation visual field in which one side includes rectangle field at least 50 
micrometers or more is chosen. The average thickness pitch of the cementite lamellae which adjoins each other in the pearlite part 
concerned is measured, and that value is set to L (micrometer), and an observation visual field is changed, and this measurement is 
performed a total of 10 times, and let the average of five pieces be [pearlite lamellae spacing] from a small thing among L values often 
pieces. However, the lamellae of at least three or more cementites shall choose the part of the pearlite chosen within an observation 
visual field from the part which has appeared almost in parallel. 

[Claim 4] [Pearlite lamellae spacing] which consists of steel containing C:0.1 - 0.8 mass %, presents a ferrite + pearlite organization 
substantially, and is defined below by 0.1 micrometers or more 15% or more of cold rolling is performed to the hot rolled sheet steel of 
the metal texture which is beyond the F value in which the rate of proeutectoid ferrite area (%) becomes settled by following the (1) 
type. And subsequently After performing the 1st step of heating held in a - with an Ac of one to 50 degree C less than one Ac 
temperature requirement for 0.5 hours or more. The 2nd step of heating held for 0.5 to 20 hours and the 3rd step of heating held in the 
temperature requirement of Arl-80 degree-C-Arl for 2 to 60 hours are performed continuously in the temperature requirement of 
Ac1-1+100 degree C of Ac(s). And the manufacturing method of - high-carbon-steel plate while excelling in the elongation flange 
nature which gives three-stage annealing which carries out the cooling rate from retention temperature to the 2nd step of retention 
temperature [ the 3rd step of ] in 5-30 degrees C/h. 
F=0.4x(1-mass %C/0.8) x100 .. (1) 

[Pearlite lamellae spacing] : In metal texture observation of a hot-rolled-sheet-steel L-cross section The part of the pearlite to which 
the lamellae of a cementite is the densest within the observation visual field in which one side includes rectangle field at least 50 
micrometers or more is chosen. The average thickness pitch of the cementite lamellae which adjoins each other in the pearlite part 
concerned is measured, and that value is set to L (micrometer), and an observation visual field is changed, and this measurement is 
performed a total of 10 times, and let the average of five pieces be [pearlite lamellae spacing] from a small thing among L values often 
pieces. However, the lamellae of at least three or more cementites shall choose the part of the pearlite chosen within an observation 
visual field from the part which has appeared almost in parallel. 

[Claim 5] The manufacturing method of - high-carbon- steel plate while excelling in the elongation flange nature according to claim 1, 2, 
3, or 4 which is the range whose rate of cold rolling given to hot rolled sheet steel is 15 - 50%. 

[Claim 6] The manufacturing method of - high-carbon-steel plate while excelling in the elongation flange nature according to claim 1. 2, 
3, 4, or 5 which steel does C:0.1-0.8 mass % content of, and restricts S to below 0.01 mass %. 

[Claim 7] Steel sets to mass %. C:0.1 - 0.8%, Si:0-0.40% (additive-free is included), Mn: The manufacturing method of - high-carbon- 
steel plate while excelling in the elongation flange nature according to claim 1. 2, 3. 4. or 5 which is what 0.3-1.0% is contained. P is 
restricted 0.03% or less, T.aluminum is restricted for S to 0.1% or less 0.01% or less, and the remainder becomes from Fe and an 



http://vww4Jpdl.ncipi.gojp/c 2006/09/07 



JP,11-269552,A [CLAIMS] 



2/2 



unescapable-impurity. 

[Claim 8] Steel sets to mass %. C:0.1 - 0.8% t Si:0-0.40% (additive-free is included), Mn: 0.3-1.0%, 0:0-1.2% (additive-free is included), 
Mo:0-0.3% (additive-free is included), Cu:0-0.3% (additive-free is included) and nickel:0-2.0% (additive-free is included) are contained. 
The manufacturing method of - high-carbon-steel plate while excelling in the elongation flange nature according to claim 1, 2, 3, 4. or 5 
which is what P is restricted 0.03% or less, T.aluminum is restricted for S to 0.1% or less 0.01% or less, and the remainder becomes from 
Fe and an unescapable impurity. 



[Translation done.] 
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DETAILED DESCRIPTION 

[Detailed Description of the Invention] 
[0001] 

jField of the Invention] This invention relates to the manufacture approach for obtaining - high-carbon-steel plate, while excelling in 
elongation flange nature. 
[0002] 

.[Description of the Prior Art] Since it also has the workability of extent whose C content in steel is in the annealing condition before 
hardening in general while hardening strengthening is possible for the so-called inside and high-carbon-steel plate of 0.1 - 0.8 mass %, 
autoparts are begun and it is widely used as a material of various machine parts or a bearing article. In manufacture of components, 
generally blanking and bending shaping may be given and further comparatively slight spinning and stretch flanging may be given. 
Moreover, when a part shape is complicated, 2 thru/or 3 components are welded and it is manufactured in many cases. And the 
components of various applications are made to these processing components through heat treatment. 

[0003] However, one shaping of components and process simplification of components processing are advanced that the manufacturing 
cost of components should be reduced in recent years. This means that it must be more equal to high (= plastic deformation 
irreversible deformation is large) processing of working ratio, if it sees from a material side. That is, with the advancement of a 
processing technique, while being a material, higher workability has come to be required of the - high-carbon-steel plate itself. In these 
days, the needs of the steel plate material which can be equal not only to blanking or bending but advanced processing as which the 
local ductility especially of stretch-flanging processings (for example, hole expanding processing etc.) is required are increasing. 
[0004] Meanwhile, by devising the processing approach or the heat treatment approach, the carbide in a steel bar is spheroidized to 
JP,61-15930,B, JP,5-70685,B, and JP.4-333527.A, and the technique of improving the workability of a steel bar wire rod is introduced 
to them. However, the improvement approach of elongation flange nature or hole expansion property that each of these poses a 
problem when a material is a plate for a steel bar wire rod is not clarified. 

[0005] moreover — JP.8-3687A — C — more than 0.3mass% — it contains and the rate of area which carbide occupies at 20% or less 
The high-carbon-steel plate for processing whose percentage of carbide with a particle size of 1.5 micrometers or more is 30% or more 
is shown. Make finish hot-rolling machine appearance side temperature into 750-810 degrees C as the manufacture approach, cool by 
below 10 degrees C / sec, and the difference of finishing temperature and coil rolling-up temperature is rolled round as 300 degrees C 
or less. Spheroidizing of 720 degree-Cx 20 hours is given, and after cooling to 100 degrees C with the cooling rate of 26 degrees C/Hr, 
the approach of carrying out air cooling and cooling to ordinary temperature is indicated. However, although this technique improves 
the workability of a steel plate, it is not clarified about the approach of improving the advanced workability as which the local ductility 
of elongation flange nature is required. Moreover, long duration is required to make carbon dissolve enough with heating of the 
austenite temperature region in the hardening processing after components processing in order to make 1.5 micrometers or more make 
carbide particle size big and rough. For this reason, application of the hardening processing by short-time heating like induction 
hardening becomes difficult, for example. 

[0006] furthermore, in JP.8-120405A the element which promotes graph itization of others, Si, aluminum, N, B, calcium, etc., etc. C:0.20 
to 0.60% was contained, 10 - 50% of C content has graphitized to it, and the steel organization of a cross section is specific ****** 
about a graphite particle 3 micrometers or more — the sheet steel excellent in the workability which is the ferrite phase which the 
balling-up cementite distributed is shown. The approach of hot-rolling with the finishing temperature of 750-900 degrees C, rolling 
round at 450-650 degrees C as the manufacture approach, and annealing at 600-720 degrees C after cold rolling etc. is shown. It is 
said that this sheet steel is excellent in hole expansion property and fabricating nature. However, since graphitization of content carbon 
is used, addition of the element which promotes graphitization is needed and it cannot apply to the inside of general marketing, and a 
high-carbon-steel kind widely. In addition, like a previous example, existence of a big and rough graphite particle 3 micrometers or more 
delays carbonaceous sufficient dissolution-ization in heating of the hardening processing after components processing, and makes 
difficult application of the hardening processing by short-time heating. 
[0007] 

[Problem(s) to be Solved by the Invention] As mentioned above, while having improved "elongation flange nature" also especially in 
workability, although the needs of - high-carbon-steel plate are high, the technique of improving those properties in the steel plate 
material of a common inside and high -carbon-steel kind is not clarified. Moreover, in order to cope with such a board thickness demand 
mobile, as for the steel plate material for processing, it is common, although the thing of various board thickness is required according 
to an application to make board thickness predetermined at the process combined well to hot rolling and cold rolling. However, it is not 
necessarily easy to change the metal texture of a steel plate sharply and to give sufficient "elongation flange nature" stably according 
to conditions, at the process which combined hot rolling and cold rolling. 

[0008] Then, this invention aims at offering the manufacturing method of - high-carbon-steel plate material, while "elongation flange 
nature" is stably improvable, enabling board thickness adjustment with a high precision by cold rolling in the steel type of - high-carbon 
steel while [ general ] not adding a special element. 
[0009] 

[Means for Solving the Problem] The above-mentioned purpose consists of invention of claim 1. i.e., the steel containing C:0.1 - 0.8 
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masfe %, and a metal texture performs 15% or more of cold rolling to the hot rolled sheet steel which is a ferrite + pearlite organization 
substantially. Subsequently After performing the 1st step of heating held in a - with an Ac of one to 50 degree C less than one Ac 
temperature requirement for 0.5 hours or more. The 2nd step of heating held for 0.5 to 20 hours and the 3rd step of heating held in the 
temperature requirement of Ar1-80 degree-C~Ar1 for 2 to 60 hours are performed continuously in the temperature requirement of 
Ac1-1+100 degree C of Ac(s). And while excelling in the elongation flange nature which gives three-stage annealing which carries out 
the cooling rate from retention temperature to the 2nd step of retention temperature [ the 3rd step of ] in 5-30 degrees C/h, it can 
attain according to the manufacturing method of - high-carbon-steel plate. Here, the A1 transformation point (degree C) of steel [ in / 
in Ac1 / a temperature up process ] and Ar1 mean the A1 transformation point (degree C) in a temperature fall process. 
[0010] Especially invention of claim 2 specifies the point which is beyond the F value in which the rate of proeutectoid ferrite area (%) 
becomes settled by following the (1) type in the metal texture of the hot rolled sheet steel of invention of claim 1. 
F=0.4x(1-mass %C/0.8) x100 .. (1) 

Here, "the rate of proeutectoid ferrite area (%)" is the value which surveys the amount of proeutectoid ferrites which exists in the hot 
rolled sheet steel concerned with means, such as microscope observation, and can be found. On the other hand, an "F value" is a 
value which assigns the value of C content (mass %) of a steel plate to (1) type right-hand side, and becomes settled by count. 
[0011] Especially invention of claim 3 specifies the point that [pearlite lamellae spacing] defined below is 0.1 micrometers or more, in 
•the metal texture of the hot rolled sheet steel of invention of claim 1. 

[Pearlite lamellae spacing] : In metal texture observation of a hot-rolled-sheet-steel L-cross section (cross section cut almost in 
parallel with the hot-rolling direction) The part of the pearlite to which the lamellae of a cementite is the densest within the 
"observation visual field in which one side includes rectangle field at least 50 micrometers or more is chosen. The average thickness 
pitch of the cementite lamellae which adjoins each other in the pearlite part concerned is measured, and that value is set to L 
(micrometer), and an observation visual field is changed, and this measurement is performed a total of 10 times, and let the average 
(micrometer) of five pieces be [pearlite lamellae spacing] from a small thing among L values often pieces. However, the lamellae of at 
least three or more cementites shall choose the part of the pearlite chosen within an observation visual field from the part which has 
appeared almost in parallel. 

[0012] Although a pearlite is the organization for which cementite lamellae and ferrite lamellae made the layer by turns, [pearlite 
lamellae spacing] here says what was expressed at intervals of cementite lamellae. The part of the pearlite chosen within an 
observation visual field was used as "the part in which the lamellae of at least three or more cementites has appeared almost in 
parallel" for evaluating spacing of cementite lamellae appropriately in an observation flat surface in consideration of the three- 
dimension-gestalt of a pearlite. It is difficult for cementite lamellae to branch, or to be divided short and to express spacing of pearlite 
lamellae with a part in which at least three or more cementite lamellaes are located in a line almost in parallel, and have not appeared 
quantitatively. Such a part is excepted from the measuring object. It is possible that the "parallel lamellae part" to which lamellae is the 
densest among "the parts in which the lamellae of at least three or more cementites has appeared almost in parallel" (henceforth an 
"parallel lamellae part") seen in an observation visual field is a part to which the observation flat surface is cutting lamellae at the 
perpendicularly near include angle, and spacing of cementite lamellae is small especially also in the whole pearlite. Magnitude of an 
observation visual field is made into the magnitude in which one side includes rectangle field at least 50 micrometers or more in this 
invention. The "parallel lamellae part" to which lamellae is the densest among the "parallel lamellae parts" seen in the observation 
visual field Measurement of cementite lamellae spacing of (calling it a "selection part" hereafter) is performed about the observation 
visual field from which 10 differs, and let the average (micrometer) of the measured value of five pieces be [pearlite lamellae spacing] 
from a small thing among the measured value of these ten pieces. 

[0013] Measurement of cementite lamellae spacing of the "selection part" in each observation visual field can be performed by 
observing the part for a high scale factor (for example, 10000 times). Spacing of cementite lamellae here is expressed with the distance 
of the thickness core of one cementite lamellae, and the thickness core of the cementite lamellae which is next to it on both sides of 
ferrite lamellae. Some spacing of lamellae is changed by which two lamellaes the thickness center lines of adjacent cementite lamellae 
do not turn into perfect parallel lines strictly, and are chosen as adjacent lamellae. Therefore, "average" cementite lamellae spacing 
about a "selection part" is measured here. It is the meaning which specifies the value of suitable cementite lamellae spacing as 
representing the precision of the pearlite of the part concerned, without the value of local cementite lamellae spacing in "average" a 
"selection part" adhering. For example, about some cementite lamellaes which were mostly parallel and have been located in a line, the 
average value can measure the thickness pitch of both ends, and the value which divided the distance by the number of the cementite 
lamellaes contained between them can be used for it. 

[0014] Especially invention of claim 4 specifies the point which is beyond the F value in which the rate of proeutectoid ferrite area (%) 
becomes settled by the aforementioned (1) formula, and the point that [pearlite lamellae spacing] which the top defined is 0.1 
micrometers or more, in the metal texture of the hot rolled sheet steel of invention of claim 1. 

[0015] Especially invention of claim 5 specifies the rate of cold rolling given to hot rolled sheet steel in 15 - 50% of range in invention 
of claims 1 -4. 

[0016] Invention of claim 6 does C:0.1-0.8 mass % content of the steel in invention of claims 1-5, and limits it to the steel which 
restricted S to below 0.01 mass %. 

[0017] Invention of claim 7 contains C:0.1 - 0.8%, Si:0-0.40% (additive -free is included), and Mn:0.3-1.0% for the steel in invention of 
claims 1-5 in mass %, P is restricted 0.03% or less, and it restricts T.aluminum for S to 0.1% or less 0.01% or less, and limits it to the 
steel with which the remainder consists of Fe and an unescapable impurity. Here, 0% of the minimum of Si means that the element is 
additive-free. T. aluminum means the amount of total aluminum. 

[0018] Invention of claim 8 sets the steel in invention of claims 1-5 to mass %. C:0.1 - 0.8%, Si:0-0.40% (additive-free is included), 
Mn:0.3-1.0%. Cr0-1.2% (additive-free is included), Mo: 0-0.3% (additive-free is included). Cu:0-0.3% (additive-free is included), nickel: 
Contain 0-2.0% (additive-free is included), restrict P 0.03% or less, restrict T.aluminum for S to 0.1% or less 0.01% or less, and limit to 
the steel with which the remainder consists of Fe and an unescapable impurity. Here. 0% of the minimum of Si. Cr, Mo, Cu, and nickel 
means that the element is additive-free. For example, as an example of the target steel, it is convention within the limits, only Si, and 
Cr and Mo are added among these elements, by claim 8, and the steel which does not add Cu and nickel is mentioned. 
[0019] 

[Embodiment of the Invention] this invention persons have examined various means to improve workability, about the inside of a 
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general presentation, and high-carbon steel. Consequently, the following became clear. ** Even when general punching quality and 
bending workability improve, elongation flange nature is not necessarily improved. ** The improvement by which elongation flange 
nature's was stabilized not being aimed at only by making carbide spheroidize, and ** elongation flange nature Are greatly dependent on 
the distributed gestalt of the carbide in a steel plate, and specifically improve much more balling-up of carbide, and by enlarging 
average carbide particle size (enlarging distance between average carbide). Furthermore, even when it passed through a cold-working 
process, it also became clear that elongation flange nature can improve in the range of the carbide particle size which does not check 
hardenability. 

[0020] The following can be considered although there are many points with the improvement behavior of elongation flange nature 
unknown about at present about the reason which is not necessarily in agreement with the behavior of other workability. That is. 
elongation flange nature is a property which is a property generally evaluated by the hole expanding test, stuffs punch into the hole of a 
diameter dO specifically beforehand established in the disk, extends the hole, can measure the hole diameter d when the crack which 
penetrates board thickness to a cheek occurs, and can be evaluated by the bore-diameter dilation ratio at that time (d-dO) / dO. Since 
a bore-diameter dilation ratio means the nominal value [ cheek ] of a circumferencial direction strain, elongation flange nature is a 
property which can be evaluated by threshold value of a circumferencial direction strain in case the "vena contracta" or "divide" begin 
to occur in a cheek. That is, elongation flange nature will express the moldability in case high stress concentrates locally. It is guessed 
'that the behavior in which elongation flange nature differs from other general workability is shown for a micro defect which does not 
affect general workability influencing sensitively to elongation flange nature. 

[0021] It is thought that it is caused by the micro defect which produces the above-mentioned "vena contracta" and "divide" during 
"processing deformation, i.e., a very very small defect the micro void connected and grew up to be. In inside and a high carbon steel 
plate, it thinks that carbide (cementite) becomes the generation origin of a micro void, and is Therefore, in order to improve 

the elongation flange nature of inside and a high carbon steel plate, it becomes important to control in the distribution gestalt of 
carbide from which generation and connection of a micro void cannot take place easily. 

[0022] It is checked that can control connection of the micro void which generated each carbide as an origin, and elongation flange 
nature will improve by detailed research of this invention persons if distance between average carbide in the steel plate with which 
processing is presented is lengthened. Moreover, it is also checked that raising the rate of balling-up of each carbide has the 
effectiveness which controls generation of a micro void. In this invention, the convention of the metal texture of hot rolled sheet steel 
and the convention of the heat treatment approach mainly realized effective carbide gestalt control in the steel plate manufacture 
process which adopted cold rolling. Hereafter, the matter for specifying this invention is explained. 

[0023] It is aimed at the steel containing C:0.1 - 0.8 mass % in this invention. C content influences greatly the hardening hardness and 
the amount of carbide of steel. Hardening hardness with C content sufficient with the steel below 0.1 mass % when applying to various 
machine structural steel worker components is not obtained. On the other hand, since sufficient ductility will not be acquired after 
annealing while the toughness after hot rolling falls and the manufacturability and the handling nature of a steel strip worsen if C 
content exceeds 0.8 mass %, application on the high components of workability becomes difficult. Therefore, in this invention, C content 
targets steel of the range of 0.1 - 0.8 mass % from a viewpoint which offers the material steel plate which has moderate hardening 
hardness and workability. In addition, elongation flange nature improves further, so that C content becomes low. For this reason, it is 
desirable for C content to use the steel of 0.1 - 0.5 mass % for the application which thinks especially elongation flange nature as 
important 

[0024] S is an element which forms MnS system inclusion. Since local ductility will deteriorate if the amount of this inclusion increases, 
as for S content in steel, decreasing as much as possible is desirable. In this invention, the improvement effectiveness of elongation 
flange nature is acquired also to the common commercial steel which is not reducing S content specially. However, even when C 
content becomes high to near the 0.8 mass %, in order to stabilize the Elv value and lambda value which are mentioned later and to 
secure high elongation flange nature, such as 35% or more and 40% or more, for example, respectively, it is desirable to use the steel 
which reduced S content below to 0.01 mass %. It is good to use the steel which reduced S content below to 0.005 mass %, after 
making C content into 0.1 to 0.5 mass %. in order to be stabilized and to obtain the steel plate material which has the elongation flange 
nature which furthermore raised the Elv value and lambda value to 40% or more and 55% or more, respectively, and which was very 
excellent. 

[0025] Since P degrades ductility and toughness, it is desirable to consider as the content below 0.03 mass %. 

[0026] Although aluminum is added as a deoxidizer of molten steel, since the cleanliness of steel will be spoiled and it will become easy 
to generate a surface crack in a steel plate if the amount of T.aluminum in steel exceeds 0.1 mass %, as for a T.aluminum content, it is 
desirable to carry out to below 0.1 mass %. 

[0027] Si is one of the large elements of effect to local ductility. If Si is added superfluously, a ferrite will harden according to a solid- 
solution-strengthening operation, and it is divided at the time of fabrication, and becomes the cause of generating. Moreover, if Si 
content increases, the inclination which a scale crack generates on a steel plate front face in a manufacture process will be shown, and 
deterioration of surface quality will be caused. When adding Si, it is good to hold down to the content below 0.40 mass %. It is desirable 
to make Si content below into 0.1 mass % for the application which thinks especially workability as important. 

[0028] Mn raises the hardenability of a steel plate and is an alloying element effective also in toughening. In order to acquire sufficient 
hardenability, the content more than 0.3 mass % is desirable. However, if it is made to contain so much exceeding 1.0 mass %, a ferrite 
will harden and degradation of workability will be caused. Then, as for Mn, it is desirable to make it contain in the range of 0.3 - 1.0 
mass %. 

[0029] Cr is an element which enlarges resistance to temper softening while improving hardenability. However, if a lot of CKs) 
exceeding 1.2 mass % are contained, even if it gives the below-mentioned three-stage annealing, the press-forming nature and 
workability before hardening may deteriorate that rtis [ elasticity-] hard toize. Therefore, when adding Cr, it is good to consider as the 
range below 1.2 mass %. 

[0030] Mo contributes to the improvement of hardenability and resistance to temper softening like Cr by little addition. However, if a lot 
of Mo exceeding 0.3 mass % is contained, even if it gives three-stage annealing, the press-forming nature and workability before 
hardening may deteriorate that itis [ elasticity-] hard toize. Therefore, when adding Mo. it is good to consider as the range below 0.3 
mass %. 

[0031] Since Cu raises the detachability of the scale generated during hot-rolling, it is effective in an improvement of the shape of 
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front planarrEy of a steel plate. However, since it will become easy to produce a detailed crack on a steel plate front face by molten- 
metal embrittlement if it is made to contain more than 0.3 mass %, when adding Cu, it is good to consider as the range below 0.3 mass 
%. The range where Cu content is desirable is 0.10 to 0.15 mass %. 

[0032] nickel is an element which prevents cold brittleness while improving hardenability. Moreover, since it shows the operation which 
negates the bad influence of the molten-metal embrittlement which poses a problem by Cu addition, when adding especially Cu about 
0.2% or more, it is very effective [ nickel ] to add nickel comparable as Cu addition. However, if a lot of nickel exceeding 2.0 mass % is 
contained, even if it gives three-stage annealing, the press-forming nature and workability before hardening may deteriorate that itis 
[ elasticity-] hard toize. Therefore, when adding nickel, it is good to consider as the range below 2.0 mass %. 

[0033] Next, control of the carbide gestalt by heat treatment is explained. Generally, if steel is heated to the temperature of one or 
mpre Ac(s), a detailed thing will dissolve in an austenite among carbide, and if it cools to the temperature of one or less Ar after that, it 
deposits as carbide again. Since C which dissolved in the austenite deposits considering non-dissolved carbide as a nucleus, without 
generating a pearlite when an one or less-Ar cooling rate is made late if it is possible in that case to make non-dissolved carbide 
remain somewhat mostly by one or more Ac(s), the rate of balling-up of the carbide after annealing becomes high. Moreover, since it 
will not newly nucleate if the number of the non-dissolved carbide in one or more Ac(s) is decreasing in [ before / annealing ] this case 
and a cooling rate is slow, the number of carbide after annealing will decrease from annealing before, and the distance between carbide 
'becomes long as a result 

[0034] However, the temperature region of one or more Ac(s) is a field where all the carbide of steel dissolves in balance. For this 
reason, in general annealing, it is difficult to make non-dissolved carbide remain somewhat mostly by one or more Ac(s). After all, the 
"number of deposit nuclei will run short and C which dissolved in the austenite by the one or less-Ar cooling process will deposit as a 
large playback pearlite of lamellae spacing. Consequently, the rate of balling-up of carbide becomes very low, and the steel plate which 
was excellent in elongation flange nature is not obtained. 

[0035] If this invention persons perform processing heated beyond fixed time amount beforehand in the specific temperature region of 
less than one Ac before heating to one or more Ac(s) That it is possible to carry out suitable amount survival of the non-dissolved 
carbide in the temperature region of one or more Ac(s) even if it is the steel which passed through hot-rolling and cold-rolling, and by 
carrying out specific time amount maintenance in a specific temperature region, after cooling to one or less Ar The knowledge of the 
carbide distribution gestalt whose elongation flange nature improves being realizable was carried out 

[0036] [The 1st step of heating] The purpose of the 1st step of heating is holding a steel plate to the temperature of less than one Ac, 
dividing the pearlite generated with hot rolling, and attaining balling-up of carbide (cementite). Although the divided carbide is 
comparatively fine, since the surface area per carbide unit volume decreases from advance of balling-up, dissolution of carbide is 
delayable by the reduction effectiveness of carbide / austenite interfacial area as a result at the time of the 2nd step of heating of one 
or more Ac(s). If possible for the promotion of fragmentation / balling-up reaction of a pearlite, an elevated temperature is desirable in 
the range of less than one Ac. At low temperature, balling-up does not fully progress from one to 50 degree C Ac. On the other hand, if 
set to one or more Ac(s), since the large hot-rolling pearlite of an interfacial area dissolves to an austenite easily, it cannot attain the 
purpose. Therefore, whenever [ stoving temperature / the 1st step of ] was made into the - with an Ac of one to 50 degree C less 
than one Ac temperature requirement. Moreover, since the holding time in the temperature requirement could not fully attain balling-up 
in less than 0.5 hours, heating [ the 1st step of] holding time was made into 0.5 hours or more. Although it is not necessary to specify 
especially the upper limit of the holding time, when industrial operation is taken into consideration, considering as less than 8 hours is 
desirable. In addition, after performing the 1st step of this heating, once carrying out a temperature up as it is, carrying out the 2nd 
step of heating and cooling to ordinary temperature, a temperature up may be carried out anew and the 2nd step of heating may be 
presented. When the holding time of 0.5 hours or more is not securable on account of a facility etc. with one heating, the 1st step of 
this heating may be divided into multiple times, and may be performed. In that case, it is made for the holding time in the above- 
mentioned temperature requirement to turn into more than total 0.5 hour. 

[0037] [The 2nd step of heating] The purpose of the 2nd step of heating is carrying out Ostwald growth of the carbide of the part, 
when leaving with un-dissolving a comparatively big spheroidal carbide and a ferrrte exist while holding the steel plate which passed 
through the 1st step of heating to the temperature of one or more Ac(s), setting it into the austenitized part and dissolving and 
vanishing detailed carbide. That is, it is the process which determines the number and distributed condition of non-dissolved carbide 
which should serve as a nucleus of a carbide deposit with the 3rd step of continuing heating. An austenite does not generate 
[ whenever / stoving temperature ] by less than one Ac. When the temperature of 1+100 degree C of Ac(s) is exceeded, the many 
dissolve and disappear in an austenite, and its number of non-dissolved carbide decreases too much, or they stop on the other hand, 
existing, even if carbide is spheroidizing with the 1st step of heating. If it becomes so, a playback pearlite will generate by the 3rd step 
of cooling process, and the high rate of carbide balling-up which is sufficient for improving elongation flange nature enough, and long 
distance between average carbide cannot be realized. The heating holding time has inadequate dissolution of the detailed carbide to the 
inside of an austenite in less than 0.5 hours, and in long duration heating exceeding 20 hours, in order to approach equilibrium more, the 
number of non-dissolved carbide decreases too much. Therefore, it was presupposed that the 2nd step of heating is held in the 
temperature requirement of Ac1-1+100 degree C of Ac(s) for 0.5 to 20 hours. 

[0038] [The 3rd step of heating] It is carrying out Ostwald growth of these carbide while C which holds the steel plate which passed 
through - [ the 1st step of] the 2nd step of heating to the temperature of one or less Ar, and is breathed out from an austenite with 
an austenite -> ferrrte transformation by the 2nd step of cooling from temperature deposits non-dissolved carbide as a nucleus as for 
the purpose of the 3rd step of heating. That is, the number of carbide is a process which maintains the number of the non-dissolved 
carbide made to remain with the 2nd step of heating almost as it is, and raises the rate of balling-up of a brown coal ghost. Unless 
retention temperature is one or less Ar, an austenite -> ferrrte transformation does not take place. Moreover, neither the case of low 
temperature nor the holding time progresses [ retention temperature / Ostwald growth ] enough from one to 80 degree C Ar in less 
than 2 hours. However, even if the holding time exceeds 60 hours, the effectiveness is saturated, and there is no industrial merit. 
Therefore, it was presupposed that the 3rd step of heating is held in the temperature requirement of Arl-80 degree-C-Ar1 for 2 to 60 
hours. 

[0039] [Cooling rate from retention temperature to the 2nd step of retention temperature [ the 3rd step of ]] If this cooling rate is 
quick, the degree of undercooling of an austenite will become large and it will become easy to generate a playback pearlite. In order to 
control generation of a playback pearlite enough, it is necessary to carry out a cooling rate in 30 degrees C/h or less. On the other 
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hand, even if it makes a cooling rate later 5 degrees C /than h, playback pearlite depressor effect is saturated and does not have a 
industrial merit Therefore, the cooling rate concerned was specified [ h ] in 5-30 degrees C /. 

[0040] Next, the metal texture of hot rolled sheet steel is explained. As for the metal texture of hot rolled sheet steel, in this invention, 
it is substantially desirable that he is a ferrite + pearlite organization, i.e., the proeutectoid ferrite + pearlite organization which does not 
contain bainite. This is because bainite runs short of the number of the non-dissolved carbide which carbide particle size becomes 
more detailed compared with a pearlite, and remains with the 2nd step of heating in the 1st step of heating maintenance. 
[QP41] It is also advantageous to make high the rate of proeutectoid ferrite area of hot rolled sheet steel (%) when carrying out the 
proper amount residual of the non-dissolved carbide with the 2nd step of heating. It is because C concentration in the whole pearlite 
colony will become high if the rate of proeutectoid ferrite area (%) becomes high, so the cementite lamellae in a pearlite becomes thick 
an^d can enlarge carbide particle size comparatively with the 1st step of heating. When being prepared so that the rate of proeutectoid 
ferrite area in hot rolled sheet steel (%) may become a value beyond the F value which becomes settled by following the (1) formula as 
a result of an experiment it turned out that better elongation flange nature is obtained. 
F=0.4x(1-mass %C/0.8) x100 .. (1) 

Here, "x(1-mass %C/0.8) 100" is a rate of proeutectoid ferrite area which deposits in balanced theory. (1) A formula means that it is 
desirable for the amount of proeutectoid ferrites in the hot rolled sheet steel which actually exists to be 40% or more of amount of the 

-balanced theory-amount of proeutectoid ferrites. In metal texture observation (for example, scanning electron microscope observation) 
of a steel plate cross section, the rate of proeutectoid ferrite area in hot rolled sheet steel (%) measures the proeutectoid ferrite area 
within an observation visual field, and the proeutectoid ferrite area occupied in observation visual field area can carry out it 

"comparatively, and it can ask for it 

[0042] It is also advantageous to enlarge pearlite lamellae spacing of hot rolled sheet steel when carrying out the proper amount 
residual of the non-dissolved carbide with the 2nd step of heating. When [pearlite lamellae spacing] defined previously is set to 0.1 
micrometers or more, the particle size of balling-up carbide becomes large moderately with the 1st step of heating, and elongation 
flange nature high as a result is obtained. 

[0043] In order to correspond to the various board thickness demands of the material for processing, adoption of a cold rolling process 
becomes very advantageous. Moreover, if it generally cold-rolls before annealing hot rolled sheet steel, recrystallization will be 
promoted by the introduced processing strain at the time of annealing, and an elasticity thing will be obtained compared with the case 
where it does not cold-roll. In this invention, the effectiveness of this elasticity-izing is enjoyable, and also there is a merit for which 
fragmentation and balling-up of the carbide in a pearlite are promoted by the processing strain in the 1st step of heating of three-stage 
annealing especially. However, according to investigation of this invention persons, when the rate of cold rolling was about 10%. the 
phenomenon in which the degree of hardness after annealing rose rather from the case (it is said the following and "the rate of cold 
rolling is 0%") where it does not cold-roll was seen. If the rate of cold rolling becomes 15%, it will return to a degree of hardness almost 
equivalent to that whose rate of cold rolling is 0% at last, and if the rate of cold rolling is increased further, a thing [ elasticity / thing / 
of 0% of rates of cold rolling / sharply ] will be obtained. However, if the rate of cold rolling exceeds 30%, extent of elasticity-izing will 
become little by little small, if it exceeds 50%, ferrite crystal grain will become detailed, hardness rises, and we are anxious about a 
ductile fall. Therefore, although it is necessary to make into at least 1 5% or more the rate of cold rolling given to hot rolled sheet steel, 
it is desirable to consider as 50% or less of range. 

[0044] High inside and high-carbon-steel plate of elongation flange nature are obtained as mentioned above. The metal texture after 
heat treatment of this invention is [ the rate of balling-up of carbide ] 90% or more, and, specifically, it is desirable to become the range 
whose average carbide particle size is 0.4-1.0 micrometers. It is possible to obtain such a desirable metal texture by this invention. 
[0045] here — the rate of balling-up of carbide — metal texture observation (for example, scanning electron microscope observation) 
of a steel plate cross section — setting — carbide — maximum length — it can set in a and its direction of a right angle — maximum 
length — what "the carbide [ as opposed to / count as carbide" which spheroidized and / a measurement carbide total ] which 
described above " spheroidized" appeared comparatively, and the ratio (a/b) of b expressed less than three thing to is meant. 
However, a carbide total makes an observation visual field the field used as 300 or more pieces. 

[0046] Average carbide particle size means the value which averaged the projected area diameter measured about each carbide within 
an observation visual field about all measurement carbide in metal texture observation of a steel plate cross section. However, a 
carbide total makes an observation visual field the field used as 300 or more pieces. 
[0047] 

[Example] [Example 1] The chemical entity, the Ac1 transformation point the Arl transformation point and hardening hardness of a 
sample offering steel plate are shown in Table 1. An Ad transformation point and the Ar1 transformation point measured contraction 
and expansion of a test piece, heating and cooling a sample offering steel test piece with a diameter [ of 5mm ] x die length of 10mm 
by the heat pattern of "holding for 10 minutes at temperature up ->900 degree C by h in 10 degrees C /, and cooling by austenitizing - 
>10 degree-C/h completely", and asked for it from change of its contraction and expansion curve. Hardening hardness showed the 
hardness at the time of carrying out water quenching, after holding hot-rolling material for 5 minutes at 900 degrees C which is beyond 
an Ac1 transformation point as it is. This hardening hardness measures the degree of hardness of steel-materials original by general 
hardening processing, and does not show the hardenability after three-stage annealing concerning this invention. 
[0048] 
[Table 1] 
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[0049] Among Table 1. since C content was as low as 0.08 mass %, A steel had the low hardness after hardening, and it was that from 
which a degree of hardness required as a machine part is not obtained. Then, about the steel except A steel, after hot-rolling on 

-conditions with a last pass temperature [ of finish rolling / of 850 degrees C ], and a winding temperature of 620 degrees C, it rolled 
out at the various rates of cold rolling, and, subsequently annealing was given to the steel plate of 2.3mm thickness finishing and on 
condition that versatility. About the steel plate after annealing, the tension test, the notching tension test, and the hole expanding test 

-were carried out. 

[0050] The tension test performed gauge length of a parallel part as 50mm using the JIS No. 5 test piece for tensile test The notching 
tension test was performed by the approach of performing a tension test using the test piece which opened on crosswise both the 
sides in the parallel part longitudinal direction mid gear of a JIS No. 5 test piece for tensile test, and formed 45 degrees of angles, and a 
V notch with a depth of 2mm. It asked, after fracturing the elongation percentage to 5mm of gauge length which sandwiches the V 
notch section, and the elongation percentage was made into the notching **** elongation Elv. After the hole expanding test pierced 
the 10mm (dO) hole at path clearance 20% in the center section of the steel plate of 150mm angle, it carried out by the approach of 
pushing up with 50mmphi spherical punch about the hole, measured the bore diameter d in the time of the crack which penetrates 
board thickness to the perimeter of a hole occurring, and asked for rate of hole expanding lambda (%) defined by the degree type. 
Iambda=(d-d0)/d0x100 these Elv values and lambda value are the indexes showing local ductility, and can evaluate elongation flange 
nature quantitatively. These test results are combined with annealing conditions, and it is shown in Table 2. 
;0051] 
iTable 2] 
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[0052] G steel with which C content has exceeded 0.89 mass % and this invention convention range was as low as 28% of Elv values, 
and 32% of lambda values also as within the limits which specifies cold-rolling and annealing conditions by this invention, and elongation 
flange nature was inferior (No.6). B steel of this invention convention within the limits also had C content as low as 23% of Elv values, 
and 34% of lambda values, when the rate of cold-rolling was 10%, and high elongation flange nature was not obtained (No.1). On the 
other hand, the elongation flange nature in which C content was excellent with 35% or more of Elv values and 41% or more of lambda 
values when B steel of this invention convention within the limits, C steel, D steel, E steel, and F steel gave cold-rolling and annealing 
on the conditions specified by this invention was shown. It turns out that still higher Elv value and lambda value are shown even if C 
content compares with equivalent C steel F steel with which C content is in this invention convention range, and S content is stopped 
below at 0.01 mass %, and it has the elongation flange nature which was very excellent. 

[0053] Next B steel (No.1 4-1 9) whose C content is this invention convention range is stated to an example about the effect of 
annealing conditions, the 1st step of retention temperature — this invention convention — since the non-dissolved carbide in the time 
of the 2nd step of heating maintenance being completed decreased extremely and the playback pearlite generated as a result when the 
2nd step of retention temperature was higher than this invention convention range (No.15), and when (No, 14), and the 2nd step of 
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heating time'was longer than this invention convention range (No.16), the Elv value and lambda value became low. Since the playback 
pearlite generated when the cooling rate from retention temperature to the 2nd step of retention temperature [ the 3rd step of] was 
quicker than a convention of this invention (No.17), and even when the 3rd step of retention temperature was higher than this invention 
convention range (No.18), the Elv value and lambda value became low. Since balling-up of carbide did not progress in heating [ the 3rd 
step of] phase when the 3rd step of retention temperature was lower than this invention convention range (No.19), the Elv value and 
lambda value became low. As mentioned above, the Elv value and lambda value of the thing concerning this invention are improving 
nQtably from the thing of the example of a comparison. 

[0054] [Example 2] The effect of the metal texture of the hot rolled sheet steel exerted on the Elv value after three-stage annealing 
and lambda value was investigated using B steel of Table 1. The metal texture of hot rolled sheet steel controlled hot-rolling last pass 
tejnperature and winding temperature, and changed them. The rate of cold rolling and three-stage annealing conditions were made into 
this invention convention within the limits. The result is shown in Table 3. 
[0055] 
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[0056] Among Table 3, the rate of proeutectoid ferrite area (%) is under an F value, and [pearlite lamellae spacing of No.31] is a less 
than 0.1 -micrometer thing. This is the thing of a category with an Elv value and lambda value low also in the example of this invention, 
as the data of previous Table 2 also show. Although the rate of proeutectoid ferrite area (%) is [ [pearlite lamellae spacing of No.32] ] 
still a less than 0.1 -micrometer thing beyond an F value, the Elv value and lambda value are improving considerably from No.31. As for 
No.33-34, the rates of proeutectoid ferrite area (%) are [ beyond an F value and [pearlite lamellae spacing] ] things 0.1 micrometers or 
more, and the Elv value and lambda value have become a very high value. 

[0057] [Example 3] Next, an example which investigated the effect on the Elv value which the metal texture after three-stage annealing 
(the rate of carbide balling-up, average carbide particle size) does, lambda value, and induction hardening nature is shown. Using No.2 of 
Table 2, No.12, and No.15 as a sample, the metal texture of the steel plate cross section after three-stage annealing did scanning 
electron microscope observation, and it asked for the rate of carbide balling-up, and average carbide particle size by the technique 
described previously. After induction hardening nature held the steel plate after three-stage annealing for 10 seconds at 900 degrees C 
by high-frequency heating, water quenching of it was carried out, and it measured and evaluated hardness. With this hardening 
hardness, you may think that the hardenability after components processing can be evaluated. The result was as follows. 

- The rate of No.2 carbide balling-up : 96%, average carbide particle-size:0.70micrometer, Elv value:46%, lambda value:64%, and induction 
hardening hardness:Hv 608. 

- The rate of No.12 carbide balling-up : 91%, average carbide particle-size:0.55micrometer, Elv value:43%, lambda value:58%, and 
induction hardening hardness:Hv 605. 

- The rate of No.15 carbide balling-up : 72%, average carbide particle-size:0.36micrometer, Elv value:27%, lambda value:36%, and 
induction hardening hardness:Hv 609. 

It is shown that elongation flange nature improves, so that these results have the high rate of balling-up of carbide and average carbide 
particle size is large. Moreover, it is shown that what is excellent also in induction hardening nature with this invention is obtained. 
[0058] The metal texture photograph of the hot-rolled-sheet-steel L-cross section of No.31 of Table 3 is shown in drawing 1 for 
reference. The metal texture photograph of the hot-rolled-sheet- steel L-cross section of No.34 of Table 3 is shown in drawing 2 . All 
are scanning electron microscope photographs. 
[0059] 

[Effect of the Invention] According to this invention, in the steel plate manufacture process of having passed through cold rolling, the 
inside and high-carbon-steel plate for processing excellent in elongation flange nature can be stably made now. While being able to be 
equal to severe processing of elongation flange processing etc., - high-carbon-steel plate can be easily applied now to many 
applications according to the board thickness demand to diversify. 
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* NOTICES * 

JPO and NCI PI are not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original precisely. 

2. **** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] It is the metal texture photograph of the hot-rolled-sheet-steel L-cross section of No.31 of Table 3. 
. [Drawing 2] It is the metal texture photograph of the hot-rolled-sheet-steel L-cross section of No.34 of Table 3. 
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[19*1 n c : o.r*-o.m&%z-£mtz>m&t>rj: 

<5 . &mtBMk/&S*tfiicy x 5 -r b + v A h fflJir 
ftSttSflMECC. i5%«±©&P«81E5i£j5SO. 3«,vc. 
Ad - 50"C— A c, *?S©fiKfBffl-Co . s^ratLhSft-r 

-5 1 |gg©ttl^=&tf o Ac,-Ac,+ 100°C©?&jK 
j6ffl-C0.5~20B$fig«}$-r £ 2SSO^t Ar,- 80"C 
-A r 1 ©jafiEI5HT2~60l«Blfi^fi 3sa©jm»* 

auaEL»-cm*. ^2fss©M#j&K#>e>3g:ii©ffi*# 

Sg^©teiWlg£ 5-30°C/h Lt S 3SPg«Eii84Sfe 

[19*92 ] C : o.i^o.«l«4S*t4**>64 

7*54 r-ffl«*(?0#rFSE ( 1 ) 5ttcJ:»)j£4SFffl 
«±r*5^ffljt8©3S3£f||«iC. i5Kfet±flW%lfflEEB 
&JSO. Ac, -50"C-Ac,*ji3i©?SI^$oBr*0. 

S5m«±«»-r4 i «B©ji«ft*tf o/ta. a c ,~ac 

, + 100'C©S^SbHT-0. 5~20B$HH£f#T S 2fSB©Jjn 
9&4 Ar, -80'C-A r,©Sfi[ffiH-C2-60^FlH»^-rS 

estSBO^iSft^cfciPjig^s-so-c/h <fc-r& 

F = 0.4X(1-SS%C/0.8)X100 • • (1) 
[19*93 ] C : o.i-o.«iX4S*t5i*6ft 

S£JgffllSS©9«tSilH«iK:. i5%W±©i$fHfflg£iSU 
*t»-C. Ac, - 50'C-Ac,*«©jaSMHro. 5B$H« 

±mn? s i fa soMMH^ff o fc«. a c, - a c, + ioo 

•C©«0tm|-T?O.5~2C«FlB«*-r4 2©a©*WI!l4 Ar 
, - 80'C- A r, ©fiSHH emmUft? S3gi© 

©«t$tSg^©?$*PjIlg£ 5-30'C/h it S 3 &Wft 

C/t— 5 ^h? y 7 nn] : MSMRL4KB<DftlRIBIt 
•JBRtcbl^r . 1 mifi'Ptt < £ <£> sou iriSl±OffiJ^«« 
j &#tfBHg*ftKF*3T^>>£4 r©7>7#g&mcc# 

*^HIffilSf Or •€•©«% L (win) 4 0. C©I'JS 

*a^taif 4^^.r^tf- 1 oaffc*. i offl©L<B©-5 

^'M (,**>©*><=> 5 jl©¥i$rtii£ C'<— 9-Y bvJvffl 

©6P^«. 4>fc< 4fc3-3£Ur©-fey>*4 h©7j(5 
A5BtfW«:3Rnr^4a5»*>6jSK-r-5fc©4^4. 
(M*94 ] C : 0.l-0.8lt%*gtt5i*^4 
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r ffifflWOOffTIB ( i ) 5£CCJ;9£ 
>&W£Bffi**0, &t>r\ Ac,-50-C-Ac,*«©Se 

iaHro. 5Wm«±fii»r * 1 ® B©jn9**fT-3 fc». 

A c, - A c, + 100"C©g^Sgfflr 0 . 5- 2(J&1&8&? S 2 
Sg©flnl^4 A r, - 80°C- A r, ©iSK$BHr-2-60B#RSl 

?3iSg#> 6 3 18 B©<SjM*-®g~-©i££|li£jg£ 5- 30-C/ 
h4-T4 3SBjW(l*lfrJ-. f#tf7 5>S>tt(c«*ifc* 
10 • 

F = 0.4X(i-^a%C/0.8)Xioo • • (1) 

7-f h?y-7iaiPS] : &J£g3&i-»Tffi©#II»!$ 
ttHff {&bt>-C. 1 Mtt'Pte <ti> S0M«eLh©jEEJ&«« 

o-CI^a-^-/ hCSPfl-fciHRO, ^ffc^— 5-frgB 

*-t»miEli*ill3£l/-C-eott*L(Min)4 0. COMDS 
*Mf*a»***.r£fH OiffO. 1 0ffl©L«©7 
^/h3t,>fe©rt>P>5fI©¥*>lfii£ Cr«— 5-f r7>7l8 
20 M] 4TS. tctcb. WSWBto'cmiRlr*>*-9 4 r 
©SP^-tt, iJ>&< 4t>3oJ£i±©-fey>^^ h©^y 5 

3&snff^tfK3inri^^*>6jS^*fc©4-r4. 

[ 1**9 5 ] tm «MEtciW-^IBH3S**»i5~ 50% © 
ISHr*^. M*qfl. 2. 3*fc{J4tcfEi8©{*c>*7 

[1**96 ] Si*iC : 0.1-0.8Sa%S*O. S*0. 
(n*t«56«TK:WROte4»©r*S. 30*91. 2, 
3 . 4 * fctt 5 {Cig|g©f*c>'7 ^ >i>tt{C@fifc4 I • « 

30 [l*5R^7 ] SS%ic*3C>r. C : 0.1^0.8 

%, Si : 0~0.40% (Mmfla&Stf) , Mn : 0.3~l. 
(^^SL. P£0.03%kTF, S?:0.0l%«T, T.A 
1 ^0.i%WTfcMiEO. jaSB*SFe*s«fcaf^5JjBW^ 
^*>e.*-5fe©r-*-5. 19*91. 2. 3. 4JfcB 
5{Ciei8©f#^7-7>^tttC«<T.fc>ti • iSj^P^©S 

[19*518 } mt>\ SS%tCtel^r. C : 0.1-0.8 
%. S i : 0~0.40% (fiS^Jn^r^t?) . Mn : 0.3—1. 
0%. C r : 0—1.2% (MfctH&Sts) , Mo: 0-0.3 

40 % (mmtiaz^ts) , cu : 0-0.3% (^ssjra^r^ 

t?) . N i : 0-2.0% mfflnZ&ts) ?raWO, 
0.03%WT. S^o.oi%tiT. T .A 1 ?ro.i%«Tic$iI 
EO. ^S)5*iF efc«fcDCF"5Ii8W^^^^C-S4>©'C 
19*191. 2. 3. 4£fc«5tcfE4B©f*D f 7 7 

[0 00 1 ] 

so ©r&s. 
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[0 00 2] 

[g£3fc©8fti] gj"t3©C#WS#gWao.l~0.8ttm% 
©. t>:btS>£c£ . j&Aft&{ba*5Jf?&T?£> 

ft. s^fcthi^ss^tiJrax, (*y7 7>yw 
fife3ft*c £*>&&„ ^ D a D Jf^#l£;Nt&ia£«, 
-^^UHgRS,%i§«L,-cS3^5ft*is^fe^c^ -ec 

r C fte©^I^ D a«^j!Q ; a?rig-CSSffl^cr>gB I a(Cf± 

±if p.ftrtK n 

[000 3] £ C , SP a a D ©i!{3Sn * Y 

*>ftn,>6 0 COC &fc«H*W*>6Jati«J: OJJDX*© 

asg^s ft £.j:mc&-,t #/■<:,, *Jtc9^r«. jt&Jjo 
x^ffitfflnxc&fc^-r. i^z/y^>^mmT. m*. 
« nmi mxm ) £ i» o s ft & w 

[0004] C 5 Lfc4>. f#£H861- 15930^2:#fl, 1$ 
^5-70685^^18, fc^O'^gS^- 333527^4>fBK 

«. flnx^a* -s i>«s«y»ia^rffi*x^-r s c t fct ' 

T^S0*©j^b^££JM#fbU «MIRttOflDXtt«%1» 

•rs^fjA^s^-sft-cc^. l#>u cft^m^-rftfe 

£tc ffiH £ & 5 7 ^ > ^tt^^Stlf tt©5Jt«^ffi» 

[0 00 5] Sfc. #Pa¥8-3687^^?R{C(i, C$:0.3 
mass%fct±^W L . flHMSj©.*; 20% «T 

T. SSl.Sw mt<±CD^b«!l©S!l^-d5 30%Ja±r*-5 
«IXffliS^3SSI«*imSft-C*5»), •?•©!¥;*#*££ or 
f±±&J£«fflfiiJiS&£ 750~810°C£ L . WC/secKT 

-mip u rf±±jig £ 3 -f *mm. o ast ©£* 3oo-c 

fcrF£LT#BX'3. 720^X20B#|Sl©E*tfc{b&&£*S 
I/. 26'C/HrCDf^iP^S-ClOO'CSr^aL-fcM^L/ 

rms*-c»ip-r*^j£*^^Sft-ci>-5„ Lfrb. c 

<DmttMM&®fiax\±z&m? -5 *>©-?& s fao - ? 

7 > £ C » -> fc^a$G<}fc52i4A5g;fc 3 ft S JTOX 
tt$rB5c#-rS^tCot»-c«^e>A^5C?ftrt^d:l» 0 * 
fc. Em3Mi&*i.5 y ro&±ic*I*{b3tf&rc«{>. SB 

□ D D /)nxs©«sAft®a«:fcws^-^7-^-r hi&s^© 
M&vfcmz+fmfez&ziaiWMriizg-rz, c© 

[0006] 3 f>lcttffl¥-S--l20<W5^£M<,ciZ. C : 
0.20~0.60%©{fe. Si. Al, N, B, C a.m<om§ 
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<b?r(EitTS7n^$r^WL.. C^WS©l0-50%#jyS 
fbUTfcf), »rffi©^ffi^*53Minfe(XC0Mi8®^*# 
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tc^: o-Cl^ttlXf4(C(lftfc»^«*^3 ftTI,^. 
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F = 0.4X(1-^M%C/0.8)X100 • • (1) 
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[001 1 ] tt7&R3 omm*. n&m 1 <D¥mv>wm 
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[0016] H«S6CD8«tt. f»«Sl -5(D^{c 
30 4aWS»l% t C : 0.1-0. mM%^0, S^o.oiMM 

[0017] m>mi <omm. n$&%\ ^soj^tm^ 

tett&m*. mm%t,Cl6l>X. C : 0.i-0.8%, S i : 
0-0.40% (ftiasftj^tf) , Mn : 0.3-l.0%€:^W 
P£o.03%feTF, S^o.oi%«T, T.AlSo.1% 

S»IfC|E3e0fct>O , C*4. CCt?, S i CDTPS©0% 

40 [0018] m&m 8 <0«5Btt. 1 - 5 ©*E*C 

*5WSa*, WS%lCiol>X< C : 0.1-0.8%, S i : 
0-0.40% (M^M^ts) , Mn : 0.3—1.0%, C 
r : 0—1.2% (M$M&^is) , Mo : o~o.3% 
JJO^^O) , Cu: 0-0.3% (mmiMZ^i*) . N i : 

0-2.0% (mmmz^ts) p^o.o3%«t, 

S%0.0l%J^T. T .A 1 *0.l%«TCC*flRRU 

^>^ 0 CCt', Si. Cr, Mo, Cu, N i ©TP&CD 

o%«^(D7c^^^»nr'^>sc4^^ttTSc 
50 is^8rSft^4-rs^(D— fjdiim c^^cdtu^ 
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u, K\\*mai,tj:\.*mt£i£ifimih*iz>. 

[0 0 1 9 3 

-c&. {*tf75>ytt#%SSft££BPg6£c<,>c£. 

t<«Ci (^^t^SESI5rA#<-rSC<!:) CC 
[0020KW77 >^14©&#^ib#, te©toltt 

©^i6i £<-r L L & I ^HfiSCOl >X 3gB#i TB^F 

tt-C*9, JM*fcJfcB09*.«\ R^tC^ftSW/cKSd 

U -&©<h#©^Sb^^(d-d„)/d,-Ci?*T5C 
<t©-C#S#14-C«»-S. TtilffiA^B^CRJlTjfta 

-r^©^f*ffi=&mo^s<i<!:^e>. n^^^ytta, 
■Kmit r<ot*u runj latest) s<ti* 

©R^I^O-r*©|igWfii(c J; -ci?ffiL©€.1t14-CA 

> y tt*ifife©-jisw & anil* igtcift^^tw. 

C0 02 M ±te© r < t>*ftj rfsnj b. flnxajfc 

fSLt:j8fiLfcJ:5iGr, tt»TM0>&*IS«:J:o-cgi* 
itacS:h£fc©<!:3fx.6ft£. 4> • i«5^^t5CCfct,»-C 
B. g<ti(ty>$-fh)*i5?D ; i<-fF©4SJa* 
KftS^xtitiS. Ifciiot, 43-igj^^«©(# 

[0 0223 *^^e»©»ffl*Bf5£{c<fc . jraxcc« 
Tssifi*©¥^{t^ig!S£g< -r*aB\ <i*©e* 
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H^L/c. WT. *^Bg^^-r^fc*©*J14co^-r 

[0 0 2 3 3 #l&Wt?B. C : o.l~0.8HS%£^rr 
SiH^^i-T^. C#WSB§9©&Att^;**5<fcO f t£ 
<t^JSfC^# < !£gTS. C$Wfi#o.iftS%«T© 

Aft«S*ifS6ft<U». -75. C^Wa#0.8lfS%£ 
10 igxS<fc. ^IEfIS©l39^*MST(>rgi^©S!ijgt4- 
3i&i,>tt#S.< tittc. *SH»«c*ji,>-r 
W&.ifiUhinti;^tcib. JjPXgOac^SBa^©^*^ 

^s*io.i-o.8aa%©fBffl©ii ; &>rtm<!:-r-5>„ 
c^a*io.i-o.5®a%©.^=&«ffl-rs c i*sM$ c 

20 [00243 SB. MnS Jkft&&*mfSZr ^7C^-C* 
•S. C©?>aE^©fiA5^<)i2,<t^gPStt*5^jbT-S© 

\.\ *«WCBS^wa«r#sUK:ffi«u-c«r>!a«,»— »W 

ft Tfiilg^tcM L r 4> f*0*7 7 > ^tt©|Sl±S»mB^6 n 

B35%1U±, 40%«± <b t- » o ft: HE C >ft 0*7 -7 > -^14?:$ 
^LTSiS-r-Sfcat.KB, S^S*o.oiSS%«Ttc 

30 iJi^Afi^n^n^Wi, 55%«X(c*-ci«at)/c 

-Cff £ /ctf> tCB, C tWl^O. l~0 . 5®S% <t L/ ft: ^ A 
f, S^W«5:0.005S«%t<T{CfgML.ft:^fflC^ 

©*5«CC^ 

[0 02 5 3 PB. att^'itt^^t^tSO'C, 0.03 

[o 02 6 3 a i imwxDwmffltL-cmnuztizfiK 

m$<DT .A 1 a*i0.lS«%5rfflx.-S<!:P©rH-i%lg* 5 l8 

txt>*ixMmtmmm.tf&£.L j t>?<t£Z<D-c. t.a 

40 l#^fiBo.i«S%fe(T<b-r?»Ci*iSSl/U 0 

[0 02 7 3 S i B, JggB&ftSC*f UTf£S©*i*l>7C 

^© i o-c4>^ 0 s i ^mmimmthtmw^\mm 

T*S< . S i £^raT*it£B0.40f}S%trF©^fr 

i dwaBo.iHa^WTi-r-sciAiasbi^ 

[0 02 8 3 M nB. fB&©&Att14£ig«K 5SlMt«: 
so ^.W^^PJOTcmr^S. +^fe«IAti14?:^Sfc©«: 
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tt©s^b£*g< ,, *CT, Mn«0.3~l.oSfi%©ffiB 

[0029]Crtt. MA*"itt£Bfc#-r £ i 1 4>tC&f? 
L#tfb&ft£A£<TS5c*t'&£. L-*>U 1.2RS 
%£jS*.S£fi©C r*^tn^4^09 3^P§SI*e«r 
*L-C<>«CWI:LtC< <«EAnBl)C0^U^^ffJf4^»DX 

[003 0 ] M o 4>S©8.flin?C r £|5)tiK:j&Aft 
&£S©M o ft & <!: 3 !£Pg#E!4£*fe L 

0. 3H*% JilT©3eB £ t -5 ©# «fc l». 
[00 3 1 ] Cut*. im<Plt£.f&-?ZMitXir-)\'<D 

•C*S„ L.*»L. 0.3BS%tU:^W3ttS 

iMttc j: f? mmmmicmmtn ^a^o^-r < & & 

OT, Cu£-^JDT£i®£ti0.3ff»%krF©fBB£T 
S©#«fcL>. C uMl©if* lA>*EB»:o.io~o.i5ft 

[00 3 2 ] Nitt. MAtx&Z&mirZ 1 1 ktcffiS 
Utt^^-riTaRr**. $/cNi«, CusSSJlOtcJ: 
oTIHBi &5 ftffik^lMb©JSIt?B«fT %«-T Vtm £ 

nrr©t\ i${ccu?r^o.2%ii(±^n-rs^«:«c 
u»jwi4ReaE<oN i *mm-fz>cttt%ihx®i^m 

■C**. 2.0lffi%£jtax.-5^S©N i 2>^$ 

■cn i *mm?%^m.dmm%\xrv>mwt-?z><D 
[0033] smc. sMsitcj: zmtw&mo-z > h o 
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